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FOREWORD

This repcrt was prepar=d by the Anthropclogy Section, Biophysics
Branch, aAero Medical Laboratory, Wright A:r Development Center,
under Project 71214, 1ask /11727, enlitled, “Biokinematics and Work-
space”. The analysis of the data was carried out by Antioch College
urder Contract No. AF 18{£00)-30. M=o, Emaenuel iaitiated the study
and Mr. Truett carried out the statisucal phases of the work,

Many people aided materially in the execution of the study and the
producticn of the report. Dr. Wilfrid T. Dempster, on whose work
this study 13 based, provided valuable advice. Mr. H.T.E. Hartzberg,
Chief of the Anthropology Section, critically reviewed the manuscript
and contributed many constructive suggestions, The 1llustratione were
done by Mrs, Cleona Aller and Mises Dorothy B ower, und Li Glenn
Aller. served as the model. Mr. Edmund Cuuxcks « of Antioch College
provided advice on statistical matters. “rne phyvsical preparation of
the report was done by Mr. Horace B. Clark ~f it ¢ Anthropology Sec-

tion.

This Report is UNCLASSIFIED.
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ABSTRACT

This study re:\nalyzes the data concerning the range of
motion of human body joints publiched 1n WADC TR 55-159,
Space Requirements of The Seated Cperator, by W.'T. Dempster,
The rcanalyuis 1s intended to presexnt the information in a form
more applicable to Air Force design problems. An analysis
of variance of 43 joint movements for Jour subgroups originally
selected on the busis of physique resvcased that 12 body move -
ments (28%) were related to physique. The subgroup statistics
were combined to yield summary siatistics for the tntal sample
of 39 young men. Design ranges were derived from these total
group values. Descriptions and illustrations of joint movements
are included, .

PUBLICATION REVIEW
This report has been revicwed and is approved.

FOR THE COMMANDER:

(\MM
JACK ROLLERUD
Coioneil, USAF {MC)
Chief, Aero Medical Laboratory
Directorate of Research
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SECTION 1 . e

INTRODUCTION

Investigations into the rarge of motion of vody jointsr have Leen relatively num-
erocs, resulting in a large number of reports which present iniormation on this sube-
Ject (see bibliogr.phy, page 20). The raajority of these reports are concerned
wite guestions of definition and methodology and are generally weak on etatistical
wformaticr. Some reports which include results often do not include accusate de-
scrzptions of ! ¢ motions studied (Glanville and Kreezer, 1937; Batch, 1955), and
at least two do not give an indicatica of the number of subjects studied or source
of the results (Batch, 1955; TM No. 8-640, 1956).

Data on joint ranges have been gathered, for the most part, through the use of
goc:ometers of some furni or other. One of the common types of gotionieters re-
sezbles a protractor with a movable arm. The center of zero point of the protractor
15 set at the approximate joint center and the movable arm is affixed to the active
member. Tle practical difficulty of such devices 18 that differing types of nstru-
rects may give shightly different results. In addition, variant positioming iechniques -
. -oduce noncompacable data, . ®

1 ]
i

A recent study by Dempster (1955) corrected many of these shortcomiangs of
previous studies. Dempster used a pbotographic method Jor measuring the range
of —ovement of body joints (Dempster, 1955, pp 3! -36). There are several obvious
advantages to photographic recording of vody positions. The standardization of
pos:nons is easier, because the subjec. is a0t required to hold «n uncomfortable ®
paitire for a length of time. The gathering of data 18 relatively rapia, and per-
maeren, I2cords are obtained which can be reanalyzed \f necessary. Fuctharmore,

the numbar of motions recorded by Dempster exceeds that of any othes statistically ::_ .
vai:d sample. Dempster's statist. -2 are reperted, however, for four aubgroups OO
s=lected cn the basis of physique and not {or the entire sample of 3. P
This study re ~alyzes Dempstes'e results so as to comtine the subgroup data - A
i8td more conver...t tabulations {,r the designer, i
[
°
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SECTION 11
MATERIALS AND METHODS

.” The joint range data published by Dempster are based on a sample of 39 youag
men, Mceasurements were taken on the right side of the body for right -handed
subjects and on the left side of the body for left -handed 1ndivaduals. The data as
published summarize motions for four subsamples of the to1al series of 39 college
students. The subsampl:s are based on physique as estimated by somatotype ratizgm.
Eleven were of median body build, sevon were extremely rotund (endemorphs), elewe=n
were extremely muscular (mesomorphs) and len were extremely thin (ector..sphs)
{Dempster, 1955, pp. 42-25). The series, then, was not random with respect to
somatotype (Sheldon, “..evens and Tucker, 1940). This may affect the cesults if the
dats for the four physique groups are combined, since slight differences 1a ioint
mobihity among the various body types have been riported (Sinelmihoff 2nd Grigora ~
witsch, 1931; Dempater, 1955, pn. 106 -109).

TABLE] ‘

Comparison of Joint Motion Samgle With Air Force Sample

Present Sample USAF Sample
N =39 N = 4000%

M 0. M 5.0
Age 21,1 yrs, 3.3 21.9 yrs, 4.2
Weight 169. 7 lbs. 36.3 163.7 lbs. 20.9
Stature 70.5 inches 2.8 69.1 inches 2.4
Acromion Haight 51.7 2.5 56.5 2.3
Suprasternale Height $1.2 2.4 56.3 2.2
Crotch Height 33,2 2.1 32.8 1.7
Waist Circummi-renze 32.0 4.8 32.0 3.0
Thigh Circumference 22,6 2.8 22,4 1.7
Sitting Heght 36.2 1.5 15.9 1.3
Shoulde ¢ -Elbow Lengtl, 143 .8 14.3 o7
Knee Height, Sitting 27 1.0 21.7 1.0

Tabie | comparcs Dempster's sample with the 1950 Air Force sample (Hertzbe—g,
Daniels and Charchell, 1954), No statistical tests of signifi-ance were performed.
However, certain general observalions may be made concerning these two samples.
Despster's sample 15 6.8 years yourger, 6.0 pounds heavier and 1. 4 inches taller
tha the Air Force series. In general those anthropametric measures which are
vlosely related to weight are one and one half to two Umes more variable in the
Joint mot:on study s>nplr,

WADC TN 57-3il
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The mobilaty of 'mints 18 repurted to be directly affected Lv the sex, 4aye and
physical constitution of the individual, Sinelnikoff and Grigord witsch (1931) inveets -
geted the magaitude of the differences in joint mobility due to each of these factors.
They tend 10 geacralize and state that constitution affects joint motion without stat-
sng which particular joints are affected. In general, however, nut only Sinelnikoft
and Grigorowstsch,but also Dempster (pp. 106 -8) conclude that thin men have greates
juint mobility than muscular mer, who 1n turn have mor - mobility than rotund mnen.

Since body type was the single criterion acrording to which Dempster's sample
w14 subdivided, 1t seemed worthwhile to test statistically whether physique was re-
lated 1) yuant mobilitv. The results of such a test should not only serve to compare
Dempsater's findings with those of Sinelnikoff and Grigorcwitsch, oput will also help
ind:cate whetter or not the differences arsociated with physique are too pronnunced
tu warraut combining the data of the various subgroups. The analysis of var.vace
18 a convenient tou] to use in this instaice, For in addition tu being able tu detesirane
the significance of the differences between the subgroup mceans, 1t 1s also porsible
tu derive the total group varance and thus a total standard deviation for thé com-~
bined group.

An analysss of variance in this study wil) indicate whether the difference betwern
suberoups for the movements are greater than 1s 1o be evnested on the basis of
chance alone. Since the groups are segregated on the basas of physique, of statistical
sigmificance occurs, joint mobility would seem to be related to physique. No' all
joint mouvements would be related to the same degree with physique, and scmne may
appear to be not related at all,

Starung with the data from Table 5, up 107-198 and Table 6, pp 110-1121n
Dempster's report, the following computitional steps were taken *or cach of the 43
joint movements, The' 'within sum of squares® (85,) were computed by adding the
products obtained by multiplying each subgroup varianie by the number of subjuects
sn that subgroup. The total number of subjects in the subgroup was used, since
this number was the divisor used 1n computing the subygruup standard deviation, The
“between sum of syuares™ (55, were computed in the following fashion. The meuns
for each scbyroup wers mult.plied by the number of cubjects 1n that subgroup. 7The
sum of these products was divided by the total number of subjects to give the total
group meas tor that joint motion, The difference between the totul and cach sub-
£7OUD Mcan was syuared and multiplird by the numnber of individuals 1n cach category.
These vrobxcts were then added, the sum being the between sum of squarcs, The
1914l greup sam of squeres was obtained by adding the within sum of syuares and
the between sum of squares,

Each of the susus of squares was divided by the corresponding degrecs of frecdumn
(35 for “wiathan, 3§ for ""between’’ and 33 for the total) to obltuin the mean nyuares or
varianc: cstatastes, The square ruot of the t1otal var.ance cstimate 18 the stundard
dev.it.u for the *uta) group. The varniance or “F'" ratio wes then computed by divid -
sug the bitwevn incan sgyuare by the within mcean square for cack jornt motion,

F- Between Mean Sqyuare
© Within Measn Square

WADC TN 57-311 3
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SECTION 111
RESULTS

A. Analysis of Variance

Reference to a table of F ratios indicated that, with 3 degrees of freedom for the
between mean square and 35 degrees of freedom for the within mean square, a ratio -
of 2,37 was sign:ficunt at the 5% level and a ra’io of 4. 40 was significant at the }%

level. Thais means th>* for those motions where the F ratio is equal to or greater

than the 5% level value, the difference among the subgroup. are greater than would

be expected by chance alone 95% of the time. Out of a total of {crty-three move-
ments studied, twelve or 28% had F ratios which were significant at either the 5%

or 1% level (Table 1I).

TABLE I

F Ratioa Significant at the 5% Level F
1. Wrist Flexion 4.04
2. Shoulder,Adduction 4.06
3. Hip, Lsteral Rotation, Sitting 3.05
4. Knee. Voluntary Flexion, Standing 3.35
5. Ankle, Extension 4.14
F Ratios Sigmficant at the 1% Level
F
6. Wrist, Total Flexion-Extension Angle 4,92
7. Hip, Flexion 4.5)3
8. Knze, Viiuntary Flexdon, Prone 8.19
9. Xnee, Fnrced Flexion, Frone 8.34
i0., Knee, Forced Flexson, Kneeling :4.18
11. Ankle, Flexioa 5.49
12. Ankle, Total Flexaon-Extension Angle 7.00 .

Thus there appears to be a sign:ficant relationship between range of joint motion

and physigue for about one -quac-ter of the cases. Some of these moticns are pr :hably

correlated with each other, such as the four kn:e movementa, the two wrist move -
ments, and the three ankle movements, The F tests corresponding to these motions

iacrefore cannot be considered 1ndependent tents; separate tes . on motions which

are correlated zre to some extent spurious. This condition of possible nonindepen-

dence should be cornsidered in the interpretation of these results.,

the th:n group has the highest mobility in seven cut of the twelve cases,

sankang {rom low to high 1s rotund, muscular, me“ian, and thin,

WADC TN 57-311 4
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TABLE It

Rank of Mean Mobilities of Physique Groups

Low

Motion RE
Wrist. Flexion Rotund
Shoulder, Adduction Rotund
Hip, .ateral Rotation, Sitting Rotund
Knee, Voluntary Flexion, Star-Zing Rotund
Ankle, Extension Rotund
wrist, Total Flexion-Extension Angle Rotund
Hip,Flexion Rotund
Knee, Voluntary Flexion, Prone Rotund
Knee, Forced Flexion, Prone Rotund
Knce, Forced Flexion, Standing Rotund
Ankle, Flerion Rotund
Kotund

Anlde, Totai Flexion-Extension Angle

T eme e ape gy, Y, .

-

L

Muscular
Muscular
Muscular
Median
Jhin
Muscular
Thin
Median
Mecaan
Muscular
Muscular
“hin

- | e e

__3_
Median
Median
Median
Thin
Median
Thin
Median
Muscular
Muscular
Median
Median
Muscular

HIGH

_L
"t
T
Thir
Muscular
Muscular
Mecdian
Muscular
Thin
Thin
Thin
Thin
Median

In spite of th. 1act that Dempster's series was highly selected, the subgroup data
are pooled rnd presented below. This was deemed i reasonably valid procedure for

1. Only about one -quarter of the movements are significantly related to physique.

2. Some of the differences in mobility among the various physique groups will
uvndoubtedly be cancclled out if the group statistics are pooled,

3. Thea differences among subgroup mobility statistics are generally small from
a practical standpoint,

4.

Dempster's study is more complete from all standpoir:_ than any other study.
Thus, in spite of the selecteduess of the sample, the advantages resulting

from the completeness of the study and the accurate descriptions of procedurss
probably ocutweigh any other inadequacies.

Joint Movemente

1n this subsection each joint movement is desc1bed ~nd illusirated.

The mean

values were taken from Den:pater's report and the standard deviations have been

derived from the analysis of the subgroup data.

Design ranges of the mean plus and

minus twu stanaard deviations (S.D.) are presented for each motion for the entire
series of thirty -nine young men., These design ranges include about 95% of the sam -

ple.

All values are expressed 1n degrees,

WADC TN 57-311
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A summary table of the statistical analysis appears in the Appendix.

Many of the movement descriptioas involved the body segment Link Jine, anuic!
Dempster defines as “The straight line shich interconnects two adjacent jo =o' o1 -
ters... " (p. Xix), These were estimated on the photograths in order to okt - e
measurements, For the practical purposes to which the datas o1 this repart i, -
be applied, the link line can be approximated by the lung axis of the body se g - -

n questaon,

No. | - Wrist, Flexion

Mean 90
S.D 12
Mean ¢+ 28.D. 114
Mean - 2S.D. 66

The subject stands with the dorsal sur-
face of the hand or: a tatle, the reference
plate pressed against the pal'n. The fore-
arm 18 supinated and maxur ally flexed.

The angle 18 measured between the forearm
link ine and the reference plate,

B . -

4

b

» -

3 -

3

) [ J
o .
o .
. - -
b S

3 '...'_..'
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vi. 2 - Anel.Extension

“fean
S,
‘tean + 2 85.9D,
'u“'an - z So D-

Total Flev.une

Extension Anﬁir

189

21
31
147

“he subject stands with his ingers
-3 away from ‘s body, his palm

, ¢+ % table,

The fcrearm :s vertica'
..pinated, The wrist 1s bent to max-

- extension. The angle 13 measured
* veen the forearm Iink line and the
zountal plane represented by the top

*tte table,

The total angle is measured

¢ .en the maximum flexion and max-
) ey*enrion pcsiions.

WAL IN 57-311

No. 3 - Wrnist,Adduction and Abduction

the

A -Adduction B -Abduction Total

Mean 47 27 74
S.D. 7 9 13
Mean ¢+ £S.D. 61 45 100
Mean -2S8.D. 33 9 48

The subject ziz1ds with the palm of tne

hand held flat against the vertical back of

work table by the restraining gear. The

forearm is bent at the wrist to extreme
adduction (towards the body) and then to
maxamum abduction (away from the body).
The angles are measured between the line of
the forearm link «ad a line passing through
the center of the third d:gat.
18 measnred between the maxaimum adduct-
1on pomition and the maxymum abduction

The total angle

position,
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No. 4 - Forearm, Supination

Mean 513
S.D. : 22
Mean + 2S8.D. 157
Mean -2S.D. . 69

The subject sits at a table with his
upper arm vertical and the forearm
horizontal on the table, A rod is grasped
in the closed hand. The {orearm is sup-
mnated (rotated palin upward} to the max-
imal position. The angle is measured be-
tween the vertical and a line passing
through the long axis of the grip rod at
the thumb end. *

bed

Total Pronation-
No. 5 - Forearm,Pronation Supination Angle

Mean 11 190
S.D. 24 30
Mean ¢+ 28.D. 125 250
Mean - 28.D. 29 130

The sab)e-t sita at a table with the upper
arm vertical and the forearm horizontal on
the table. A rod is grasped in the closed hand,
The foresarm 1a pron2ted {(rotated palm down-
wards) to the maximum positiow. The angle 18
tmeasured between the vertical and a line pass -
ing through the long axis of the grip rod at the
thumb end. The total angle is meatured be-
tween the maximum supiration «nd maximum
pronation positicas.

WADC TN 57-3}1 s
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No. 6 - Elbow Flexion

Mean 142
$.D. . 10
Mean+ 2S.D. 162
Mean - 285.D. 122

The subject sits with h:s side towards
the table, with the back of the haad facing
laterally. The arm is supported horizon-

tally on a block, the forearm bent to ex-
treine flexion with hand over the shoulder,
The angle 15 measured between the projece
tion of the arm link line and the forearm link

S e, agoer - - ——t

.

L4

{k\//]

liﬂe.

/

F—

]

No. 7 -Shoulder, Flexion and Extension

Mean
S.D.

A -Flexion B-Extenuion Total

158
12

Mean ¢+ 25.D. 212

table,

table horizontal.

Mean - 2S8.D.  lod

51 249
14 19
89 287
33 211

The subject hies supine upon the table,
the straightened limb free to rotate past
the edge of the table.
is swurng 12 the sag:ttal plane to the max-
unum overhead positior, and the angle is
medsured between the arm link line ana the
In extension, the arm
hangs to the maxamum lhimit of movaement
in the sagittal plane uver the edge of «
The angles are measured between

in flexion, the arm

the arm link line and the table horizontal.
The total argle 18 measured between the

arm link line in the flexion position and the

arm link line 10 the cxtension poation,

WADC TN 57-311 9
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Nu. 8 - Shouldrr, fdduction and Abduction

A -Adduction B -Abduction Total

Mean 13 134 182
S.D. 9 17 20
Mean ¢ 2S.D. 66 168 22

Mean - 2S.D. 30 : 100 142

ey

The subject hies supine upon the table w:th
a horizontal reference rod resting across the
chest, In adduction, the straightened arm is
swung miaxunally across the chesi to the op-
pusite side of the body. In abcuction the
strughtened arm 18 hanging laterally over
the edge of the table, to the limit of abduc -
tior perpendicular to the long ax:s of the
body. The two angles are measured between
the arm link line and a line perpendicular to .
the reference roa. The total included angle
is measured between the two extreme positions
y of the arm link lines.

Pl 2 R Satiec

ki

)

2%,

et
PR R

il i

No. 9 -Shoulder, Mzcdial and Lateral

- Rotation

.\

'~ A-Medial  B-Lateral

>'\~ Rotation Rotation Total

h hlean 97 34 131
S.D. 22 13 24
Mean ¢+ 2S.D. 141 09 179
Mean -2S.D. 53 8 83

The subject sits with the arin supported
1in & horizontal position by a Liuck resting on
the table, the forearm flexed to a vertical
pe.atun,  Ininedial rotation, the forearm i1s
swung toward the midline to the max.mum
positon  In lateral rotation, the furearm -~
s's 'ng outward 1o the l:nuat of movement, The
I r two angles are measured dbetween the fore-

ai1m link Line and the vertical. The total
angle 1> measured between the hirk tines of
the maaxumum lateral and medial positions.

L4
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No. 10 - Mip, Flexion . »  .®
<. Mean 113
o~ S.D. 13

Means+ 2S.D. 139
Mean - 2S.D. 87

The subject lies supine upon the table
with a block undes the buttack. A special
pelvic guide 15 adjusted so that it lies over
the right and left anterior-superior spines
of the i1lium and the pubic symphysis. A
reference rod attached to the pelvic guide .
19 adjusted to a horizontal positron, The ' b e
knee 15 bent and the hip 18 maximally flexed o
in the sagittal plans until the reference rod
begins to tilt away from tha horizontal. The
angle is measured beivs<n thigh link line
and the reference rod.

.,

KR

s P it ek Yy it g
T T e e -

P e M e
Y

T3 BT

No. 11 - Hip, Adduction and Abduction .-

A -Adduction B -Ahduction Totas.

L ]
Mean 31 S3 &4 .
5.D. 12 12 14 S
A Mean+ 2S.D. 5% 1 112 K
o Mean -2S5.D. 7 29 5 e
The subject lies supize upon the table. A —
horizontal reference rod is placed across the ) ®
anterior-superior spines of the pelvis. The e
knee 18 bent to 909, keep:rng the heel in con- ' R

tact with the table top. Ia adduction the knee
and thigh are turned 1n toward the midline of
the body. In abduction, the arecv and thigh are
turned outward. The two angles are ineasare:

L. — S | between the thigh link line ar.d 4 line perpen- .
dicular to the pelvic refererce rod. The total - -
1 angle 13 meacured between the thigh Jink hiner
’ l in the extreme abduction ard adduc‘ion posi- <
t.ons, e

WADC TN 57-311 1
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No. 12 - Hip, Medial and Lateral '
Rotat:on, Prone A

A-Medial B-lLateral Total

Mean TS 34 73 S
s.D. 10 10 16 o
59 54 105 Y T

Mean ¢+ 2S.D.
Mean -2S.D. 19 14 4] \

The subyect lies prone upon the table with ~ °
the knee bez: to 90° and the leg in a vertical
position. A borizantal reference rod is placed ‘
transversely across the back of the pelvis. In [ ‘
medial rotat:aa, the leg 19 swung inward, In
lateral rouat:ae, the leg 18 awung outward,
The two angles are measured between the les

lirk line 7r4d a perpendicular to the horizontal o
reference rod. The total angle 13 measured )
between the leg Link Lines in the maximum N
medial and lateral positions, IR
, -3
N¢. 13 - Hip, Medial and Lateral Rotation, .

thn‘
A-Medial B-Lateral Total

Mean 31 3G 41 e .‘
S.D. 9 9 14 -
Mean + 2S.D. 49 48 89 ’
Mean -28.D. 1} 12 33 -

The subject sits on the table with the thigh
horizontal and the leg hanging over the edge.
In medial rotation, the lower leg and foot are
swung medially to the Lhimit of rotation. Ia
laterai rotation, the lower leg and foot are
swung laterally to the limit, Both angles are
measus~d between the leg link 1ine and the ver-~
tical. The total angle 1s measured between .
the leg link lines for the extreme laieril and ®
miedial positions,

WADC TN 57-311 12
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’
Na., 14 - Kace, Voluntary and Forced e
Flexion,Prone -
N A-Voluntary B-Forced :f-::"
¢ Flexion Flexion
Mean 125 144 o
S5.D. 114 bd
" Mean+ 2S5.D. 145 162
"; Mean -25.0D. 105 126
; The subject lies prone on the table top,
; the region above the kneecap supported by
} a small block, The knee is flexed tp the
‘ maximum position possible without assis -
tance. In forced flexion, the subject grasps
v the foot, forcing the calf tightly against the .
thigh, The angles are measured between
3 the leg liuk linc and the projection of the
; thigh link line.
‘ .
o ¢ . r ‘:'f'..
;: . No. 15 - Knee, Voluntary Flexion, Standing
; N . y
; ; ; Mean i3 h
. S.D. 13
N Mecan+ 25.D. 139
Mean - 28.D. 87
. The subject stands w:ith his weight on e
- : one foot. On the test limb the thigh 1s held
i straight and the leg 18 slowly flexed at the
re ) knee to the maximum. The angle is mea-
} sured between the projection of tne thigh
; laink line and leg link line.
;
‘ 13
L} ‘ —l
\
A
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', 16 - Knee, Forced Flexion, Kneelmj

Mean : 159
5.D. 9
Mean+ 2S.D. 117
Mecan -2 S.D. 141

The subject assumes a kneeling position,
.'h the trunk vertical and the weaght of the
iy forcing maximum knze flexion. The

12le between the thigh link line and pro-

v« tion of the leg link line is measured.

WADC TN 57-311
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No, 17 - Knee, Medial and Lateral Rotat.ur
A-Medial B-Lateral .
Rotation Rotation Total
Mean A5 3! 76 T
S.D. .12 12 " NG
Mean+ 2S5.D. 59 67 plu —bd
Mean - 25.D. 11 19 16 - ..
The subject stands beside the table, »i*
his upper leg about 45° to the vertical, .
test foot 1s resting on a tirrtable wath .
lower leg vertical and the ikle above the
center of the turntable. The anee 18 neld ¢
against a block on the tavle. The exper.
menter rotates the tusntable n.edyail o oL e

laterally to the limit of motion. The n.. -
between the toe -forward position and the »« -
treme medial and lateral positions are re -
corded. The total angle between the medial q
and lateral rotation positions 1s measured, :

14




Y ST LR

an

B U

P,
o

P

.

DENMENEL g

>,

:

LR P ELLIE L 54

.,
e e o . Bee v A s - AT e cGhihe e A ey B o 2 Kkl 0K W 1l . A 3 L
.

a® i eMeiwm s 4 el s e oo e "

o s -

F P

ce e

T RNt G s e e et RR et o W S stat

J R I e Yt L U2 o il ot D ol SRS Y 5 S8 Al SR

g

16 - A Jle, Flenton and Extens.on

A-Flexion B-Extension Total

A R Y — *".‘“'m.‘h"‘"},ﬁ' - (-l:'v-:.-ma —

! Mean 385

3. Da 7
Mean +28.2. 3%
Mean -2 S.D 21

Fhe subject stands sidevays on a box with
‘Y.« thigh hosizoatal and the fuot on a table top.
+.. flerion the body and leg arc bent forward to
e maximum flexed position of the ankle, In
«+ *us.on the ankle on the side being measured

‘raightened maximally, which is done by
4t unyg e trunk and the other leg backward,
fhe angles are measured Letween the vertical
) the leg Jinx line in the flexion and extensson
os;uiont. The total angle 18 measured between
it leg link lines 1n the maximuum flexion and

cxlension positioas,

Vo
o
N

A#ADC TN 57 -381

38
12
te
14

73
14
101
45

No. 19 - Foot, Inversion and Eversion

inversion B-Eversion Total

Mean 24 23 417
S.D. 9 1 1
Mcan ¢ 2S.D. 42 37 73
Mean -2 5.D. 6 9 21

The subject stands with a:s foot on a box,
toes pointing direcly forward. In iaversion,
the knee and leg are swung saward with the
foot sole kept horizontally on the box surface.;
in eversion, the knee and leg 2re swung owt -
ward. The angles are measured petween the
leg link line and the vertical. The total angle
18 measured between the leg link lines in the
maximum i1nverted and everted positicas,
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No. 20 - Grip Angle

Meaa 12
S. D, T
Mean+ 2S8.D. 16
Mean - 2 S.D. 88

The subject stands erect, the arm,
forearm an< hand hanging vertically. A
1 1/8-inch wooden grip rod is held loosely
in the hand. The angle 1s measured be-
tween the forearm link line and a line run-
ning through the lang axis of the reference
10d at the thumb end.

SECTION 1V
SUMMARY AND CUICLUSIONS

Joint mobility data published by Dempster (1355) bave been reanalyzed and
presented in a form intended to be more applicable to A r Force d2sign problems.

The sample consisted of 39 young men ou whom 43 body joint mo vements were
studied. Sumumary statistics, descriptions, and illustrations of the movements are
presented,

Data 1n this report can be used to provide zatimates of the normal range of joint
mobility, The mrean plus and minus two standard deviations, which include about
5% of the sample, can be used to serve as reference standards for testing equipment,
For instance, in a prece of egnipment such as 3 pressure suit an effort should be made
to provide mobility as near as possible to the value of the mean ¢+ 2S5.D. Thus the
maobility of few individuals will be restricted, and in this case only at the limit of
moticn, It 1s, however, not to be ¢xpected Lrat any type of pressure suat wvill achieve
complete mobility for the wez. _, although 1t ;8 nevertheless desirable to strive to-
ward this end, and any restnict.on allowed should be minimal., Acceptable testrictions
will necessanly have o be arbitrary, deteru.:ned in every case by a cons.deration of
the problem at hand. Joint rarge 4ata can also serve as a guide 1o movement capabili-
tics 1n crewstation design, rarticuiarly in the s ation of controls. Controls should
be placed 80 that the operator does uot kave to attaan difficult or maxirnum joirt po-
siions,

WADC TN 57-311 16
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